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OPTICAL REFLECTIVE COMPONENT AND
OPTICAL ENCODER USING SAME

FIELD OF THE INVENTION

The present disclosure relates to an optical reflective
component, and more particularly to an integrated optical
reflective component and an optical encoder using the same.

BACKGROUND OF THE INVENTION

A reflective optical encoder 1s an electro-mechanical
device that converts the angular position or the motion of a
shaft or axle to analog or digital output signals. The optical
encoders are used 1n a wide range of applications that require
monitoring or control, or both of mechanical systems.

The reflective optical encoder utilizes an optical reading
module including a light source and a photo detector to
measure changes 1n the position of an encoding strip on an
optical reflective component. The light source and photode-
tector are located on the same side of the encoding strip, and
the encoding strip consists of alternating reflective and
absorbing stripes. The light source 1s positioned such that
light from the light source 1s imaged into the detector when
the light 1s reflected from the reflective stripes.

In a conventional optical reflective component, the encod-
ing stripes are formed by several complicated steps of, for
example coating a photoresist, exposure, development, etch-
ing and removing the photoresist. Moreover, the encoding
stripes are formed on a glass, which 1s configured to fix on
a rotating shait ol a motor through an additional component.
However, the glass having the encoding stripes 1s too fragile
to fix on the rotating shaft through the additional component.
Furthermore, the manufacturing process of the conventional
optical reflective component 1s too complicated to improve
production efliciency.

Therelfore, there 1s a need of providing an integrated
optical reflective component and an optical encoder using
the same to overcome the above drawbacks.

SUMMARY OF THE INVENTION

An object of the present disclosure 1s to provide an optical
reflective component and an optical encoder using the same.
The locking and fastening method of the optical reflective
component and the rotating shaft of the optical encoder can
be adjusted according to the practical requirements. The
rotating shait further includes a hollow portion for a leading,
wire passing therethrough. The positioning of the radius
(r)-tangential (t) plane and the positioning of the axial (z)
plane are achieved by assembling the optical reflective
component with the rotating shait of the optical encoder. It
tacilitates the first central axis of the optical reflective
component and the second central axis of the rotating shaft
to be coaxial. Thus, the optical reading module can read the
optical pattern perpendicular to the first central axis accu-
rately.

Another object of the present disclosure 1s to provide an
optical retlective component and an optical encoder using
the same. The optical reflective component 1s made of a
metal material and integrally formed 1n one piece. Moreover,
the optical pattern on the optical retlective component 1s
formed, for example, by laser scribing. With the optical
reflective component integrally formed, for example, an
automated optical mnspection (AOI) can be used to obtain the
reference circle portion of the optical reflective component
and define the position of the first central axis. Thus, the
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2

optical pattern can be scribed on the optical reflective
component and coaxial with the first central axis of the
optical reflective component accurately.

A Turther object of the present disclosure 1s to provide an
optical reflective component and an optical encoder using
the same. The optical pattern of the optical retlective com-
ponent icludes a plurality of even-width stripes, which are
disposed on the reflective surface perpendicular to the first
central axis and concavely formed by, for example, laser

scribing. The plurality of even-width stripes are arranged 1n
a circumierential direction to form a concentric annular
distribution, which 1s circularly symmetrical. The reflective
surface can be a mirrored surface, a polished surface or a
milling-machined surface. The optical pattern scribed by the
laser 1s characterized by optical low reflectivity, scattered
reflection or diffuse reflection. In addition, the even-width
stripe formed by laser-scribing i1s beneficial of maintaining
the consistency ol the optical pattern and reducing the
processing time.

In accordance with an aspect of the present disclosure, an
optical reflective component 1s provided. The optical retlec-
tive component 1includes a main body, an optical pattern, a
first attaching portion and a second attaching portion. The
main body includes a first central axis and a reflective
surface. The first central axis and the reflective surface are
perpendicular to each other. The optical pattern 1s disposed
on the retlective surface. The optical pattern 1s arranged
around and centered at the first central axis. The first
attaching portion 1s centered at the first central axis of the
main body and extends from the main body in a direction
parallel to the first central axis. The first attaching portion
includes at least one curved surface. The second attaching
portion 1ncludes a plane. The plane 1s perpendicular to the
first central axis of the main body and connected to the at
least one curved surface of the first attaching portion. The
main body, the first attaching portion and the second attach-
ing portion are made of a metal material and integrally
tormed with the optical pattern.

In an embodiment, the first attaching portion 1s configured
to connect with an outer edge of a rotating shaft, wherein the
first central axis of the main body 1s aligned to a second
central axis of the rotating shaft, and the second attaching
portion 1s configured to match and align to a datum plane of
the rotating shatft.

In an embodiment, the optical pattern includes a plurality
of even-width stripes and the plurality of even-width stripes
are directed to the first central axis of the main body.

In an embodiment, the plurality of even-width stripes are
formed by laser scribing.

In an embodiment, the plurality of even-width stripes are
concavely formed on the reflective surface of the main body.

In an embodiment, the optical pattern 1s centered at the
first central axis of the main body and circularly symmetri-
cal.

In an embodiment, the optical retlective component fur-
ther includes a fastening hole located through the main body
and aligned with the first central axis of the main body. The
rotating shaft includes a fastening element and the optical
reflective component 1s fastened on the rotating shaft by the
fastening element located through the fasteming hole.

In an embodiment, the optical reflective component fur-
ther includes a fastening hole located through the first
attaching portion. The rotating shaft includes a fastening
clement and the optical reflective component is fastened on
the rotating shaft by the fastening element located through
the fastening hole.
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In an embodiment, the reflective surface 1s one selected
from the group consisting of a mirrored surface, a polished
surface and a milling-machined surface.

In accordance with another aspect of the present disclo-
sure, an optical encoder 1s provided. The optical encoder
includes a rotating shaft, an optical reflective component and
an optical reading module. The rotating shaft includes a
second central axis, an outer edge and a datum plane, and the
datum plane 1s perpendicular to the second central axis. The
optical retlective component 1s configured to connect to the
rotating shait and includes a main body, an optical pattern,
a first attaching portion and a second attaching portion. The
main body includes a first central axis and a reflective
surface. The first central axis and the reflective surface are
perpendicular to each other. The optical pattern 1s disposed
on the reflective surface. The optical pattern 1s arranged
around and centered at the first central axis of the main body.
The first attaching portion 1s centered at the first central axis
of the main body and extends from the main body 1n a
direction parallel to the first central axis of the main body.
The first attaching portion includes at least one curved
surface configured to connect with the outer edge of the
rotating shaft, so that the first central axis of the main body
1s aligned to the second central axis of the rotating shait. The
second attaching portion includes a plane. The plane 1s
perpendicular to the first central axis of the main body and
connected to the at least one curved surface of the first
attaching portion. The second attaching portion 1s config-
ured to match and align to the datum plane of the rotating
shaft. The main body, the first attaching portion and the
second attaching portion are made of a metal material and
integrally formed with the optical pattern. The optical read-
ing module 1s spatially disposed and facing to the optical
pattern on the reflective surface. When the rotating shaft
drives the optical reflective component to rotate, the optical
pattern 1s read by the optical reading module.

In an embodiment, the optical pattern includes a plurality
of even-width stripes and the plurality of even-width stripes
are directed to the first central axis of the main body.

In an embodiment, the plurality of even-width stripes are
formed by laser scribing.

In an embodiment, the plurality of even-width stripes are
concavely formed on the reflective surface of the main body.

In an embodiment, the optical pattern 1s centered at the
first central axis of the main body and circularly symmetri-
cal.

In an embodiment, the optical reflective component fur-
ther includes a fastening hole located through the main body
and aligned with the first central axis of the main body. The
rotating shaft includes a fastening element and the optical
reflective component 1s fastened on the rotating shatt by the
fastening element located through the fastening hole.

In an embodiment, the optical reflective component fur-
ther includes a fastening hole located through the first
attaching portion. The rotating shaft includes a fastening
clement and the optical reflective component 1s fastened on
the rotating shait by the fastening element located through
the fastening hole.

In an embodiment, the reflective surtace 1s one selected
from the group consisting of a mirrored surface, a polished
surface and a milling-machined surface.

In an embodiment, the rotating shait imncludes a hollow
portion disposed along the second central axis of the rotating,
shaft.

In an embodiment, the optical reading module 1s mounted
on a circuit board, and the circuit board includes an opening.
The rotating shaft passes through the opening.
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The above contents of the present disclosure will become
more readily apparent to those ordinarily skilled 1n the art
alter reviewing the {following detailed description and
accompanying drawings, i which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view illustrating an optical
encoder according to a first preferred embodiment of the
present disclosure;

FIG. 2 1s a perspective structural view illustrating an
optical retlective component according to the first preferred
embodiment of the present disclosure;

FIG. 3 1s another perspective structural view illustrating
the optical reflective component according to the first pre-
ferred embodiment of the present disclosure and taken at a
different observation angle;

FIG. 4 1s a sectional structure illustrating the optical
reflective component according to the f{first preferred
embodiment of the present disclosure;

FIG. § 1s a top view 1illustrating the optical reflective
component according to the first preferred embodiment of
the present disclosure;

FIG. 6 1s an exemplary structure illustrating the optical
pattern of the optical reflective component according to the
first preferred embodiment of the present disclosure;

FIG. 7 1s another exemplary structure illustrating the
optical pattern of the optical retflective component according
to the first preferred embodiment of the present disclosure;

FIG. 8 1s a first exemplary structure illustrating the optical
characteristic of the retlective surface of the optical retflec-
tive component, which reflects the light of the radius-axial
plane according to the first preferred embodiment of the
present disclosure;

FIG. 9 1s a second exemplary structure illustrating the
optical characteristic of the retlective surface of the optical
reflective component, which reflects the light of the radius-
axial plane according to the first preferred embodiment of
the present disclosure;

FIG. 10 1s the second exemplary structure illustrating the
optical characteristic of the reflective surface of the optical
reflective component, which reflects the light of the tangen-
tial-axial plane according to the first preferred embodiment
of the present disclosure;

FIG. 11 1s a third exemplary structure illustrating the
optical characteristic of the retlective surface of the optical
reflective component, which reflects the light of the radius-
axial plane according to the first preferred embodiment of
the present disclosure;

FIG. 12 1s the third exemplary structure illustrating the
optical characteristic of the retlective surface of the optical
reflective component, which retlects the light of the tangen-
tial-axial plane according to the first preferred embodiment
of the present disclosure;

FIG. 13 1s a cross-sectional view illustrating an optical
encoder according to a second preferred embodiment of the
present disclosure;

FIG. 14 1s a cross-sectional view illustrating an optical
encoder according to a third preferred embodiment of the
present disclosure;

FIG. 15 1s a cross-sectional view illustrating the optical
reflective component according to the third preferred
embodiment of the present disclosure; and

FIG. 16 1s a cross-sectional view illustrating the optical
reflective component according to the fourth preferred
embodiment of the present disclosure.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(L]

The present disclosure will now be described more spe-
cifically with reference to the following embodiments. It 1s
to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for
purpose of illustration and description only. It 1s not intended
to be exhaustive or to be limited to the precise form
disclosed.

FIG. 1 1s a cross-sectional view 1illustrating an optical
encoder according to a first preferred embodiment of the
present disclosure. FIG. 2 1s a perspective structural view
illustrating an optical reflective component according to the
first preterred embodiment of the present disclosure. FIG. 3
1s another perspective structural view illustrating the optical
reflective component according to the first preferred
embodiment of the present disclosure and taken at a different
observation angle. FIG. 4 1s a sectional structure 1llustrating
the optical reflective component according to the first pre-
terred embodiment of the present disclosure. FIG. 5 1s a top
view 1llustrating the optical retlective component according,
to the first preferred embodiment of the present disclosure.
In the embodiment, the optical encoder 1 includes a rotating
shaft 10, an optical reflective component 20 and an optical
reading module 30. Preferably but not exclusively, the
rotating shaft 10 1s the rotating shait of a motor or a drive
module, and 1includes a first central axis C1, an outer edge 11
and a datum plane 12. The datum plane 12 1s perpendicular
to the first central axis C1. Preferably but not exclusively, the
datum plane 12 1s disposed on the top surface of the rotating
shaft 10. In the embodiment, the optical reflective compo-
nent 20 1s configured to connect to the rotating shatt 10 and
includes a main body 21, an optical pattern 23, a first
attaching portion 24 and a second attaching portion 26.
Preferably but not exclusively, the main body 21 1s disk-
shaped and includes a second central axis C2 and a retlective
surface 22. The second central axis C2 and the retlective
surface 22 are perpendicular to each other. In the embodi-
ment, the optical pattern 23 includes for example a plurality
of even-width stripes, disposed on the reflective surface 22
and located around the second central axis C2. Certainly, the
present disclosure 1s not limited thereto. In another embodi-
ment, the optical pattern 23 includes a plurality of uneven-
width stripes. Preferably but not exclusively, the plurality of
even-width stripes of the optical pattern 23 are formed by
laser scribing, and the plurality of even-width stripes are
concavely formed on the reflective surface 22 of the main
body 21. Thus, the plurality of even-width stripes of the
optical pattern 23 are centered at the second central axis C2
of the main body 21 and extended 1n a radial arrangement.
Moreover, the plurality of even-width stripes of the optical
pattern 23 are arranged along a circumierential direction to
form a concentric annular distribution. Namely, the optical
pattern 23 1s circularly symmetrical. Since the optical pat-
tern 23 1s concavely formed on the reflective surface 22, the
optical pattern 23 has the optical characteristics of low
reflectance, scattered reflection or diffuse reflection, com-
pared to the reflective surface 22. In the embodiment, the
first attaching portion 24 1s centered at the second central
axis C2 of the main body 21 and extends for example from
the main body 21 1n a direction parallel to the second central
axis C2 of the main body 21. The first attaching portion 24
includes at least one curved surface 25 disposed on an 1nner
wall thereof and the at least one curved surface 23 1s
configured to connect with the outer edge 11 of the rotating
shaft 10, so that the second central axis C2 of the main body
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21 1s aligned to the first central axis C1 of the rotating shaft
10. Preferably but not exclusively, the at least one curved
surface 25 1s an inner wall of a ring. In other embodiment,
the inner wall of the first attaching portion 24 includes a ring
surface or a conical surface. In the embodiment, the second
attaching portion 26 includes a plane. The plane 1s perpen-
dicular to the second central axis C2 of the main body 21 and
connected to the at least one curved surface 25 of the first
attaching portion 24. The second attaching portion 26 1is
configured to match and align to the datum plane 12 of the
rotating shait 10. In the embodiment, the main body 21, the
first attaching portion 24 and the second attaching portlon 26
are made of a metal material. Furthermore, the main body
21, the first attaching portion 24 and the second attaching
portion 26 are integrally formed with the optical pattern 23.

Notably, the main body 21 and the first attaching portion
24 are produced, for example, by a machining process, so
that the main body 21 and the first attaching portion 24 are
coaxial precisely. In that, the center of the main body 21 and
the center of the first attaching portion 24 are coaxial to form
the second central axis C2 on the optical reflective compo-
nent 20. By attachung the at least one curved surface 25 of
the first attaching portion 24 onto the outer edge 11 of the
rotating shaft 10, the optical retlective component 20 and the
first central axis C1 of the rotating shaft 10 are coaxial. In
that, the positioning of the radius (r)-tangential (t) plane 1s
achieved. In addition, the plane of the second attaching
portion 26 can be for example but not limited to a circular
plane or an annular plane perpendicular to the second central
axis C2. The plane of the second attaching portion 26 1is
located at another side opposite to the side with the reflective
surface 22 and the optical pattern 23 disposed thereon.
Alternatively, the plane of the second attaching portion 26 1s
located at the same side with the reflective surface 22 and the
optical pattern 23 disposed thereon. The present disclosure
1s not limited thereto. By attaching the plane of the second
attaching portion 26 to the datum plane 12 of the rotating
shaft 10, the optical reflective component 20 and the rotating
shaft 10 are assembled together and the positioning of the
axial (z) plane 1s achieved. In the embodiment, the optical
reflective component 20 further includes a fastening hole 27
located through the main body 21 and aligned with the
second central axis C2 of the main body 21. The rotating
shaft 10 includes a fastening element 14. The optical reflec-
tive component 20 1s fastened on the rotating shaft 10 by the
fastening element 14 located through the fastening hole 27.
Thus, the rotating shait 10 can drive the optical reflective
component 20 to rotate around the {first central axis C1. In
the embodiment, the optical reading module 30 1s spatially
disposed and facing to the optical pattern 23 on the reflective
surface 22. In an embodiment, the optical reading module 30
1s mounted on a bottom of a circuit board 31 and faces to the
optical pattern 23 on the reflective surface 22. When the
rotating shait 10 drives the optical reflective component 20
to rotate, the optical pattern 23 1s read by the optical reading
module 30.

It 1s noted that the optical pattern 23 of the optical
reflective component 20 are formed for example by laser
scribing and concavely formed on the reflective surface 22.
For processing, a reference circle (for example an outer
circle) of the main body 21 can be obtained by for example
but not limited to the automated optical mspection (AOI),
and the position of the second central axis C2 can be defined.
Thus, the optical pattern 23 1s scribed on the reflective
surface 22 and coaxial with the second central axis C2 of the
main body 21 by laser scribing based on the position of the
second central axis C2. In addition, since the size of the laser
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spot on the laser scribing plane 1s fixed, the processing
method of the even-width stripes 1s advantageous of making,
the surface characteristics of the laser scribing more con-
sistent. FIG. 6 1s an exemplary structure illustrating the
optical pattern of the optical reflective component according
to the first preferred embodiment of the present disclosure.
In the embodiment, the optical pattern 23 includes the
plurality of even-width stripes having the width similar to
the diameter of the laser spot 23a. After laser scribing, a
uniform optical pattern 23 1s obtained. It 1s beneficial to
prevent the laser spot from being overlapped unevenly in the
local area during laser scribing. Moreover, 1t 1s advantageous
of reducing the processing time of the laser scribing signifi-
cantly. FIG. 7 1s another exemplary structure illustrating the
optical pattern of the optical retflective component according
to the first preferred embodiment of the present disclosure.
In the embodiment, the plurality of even-width stripes of the
optical pattern 23 are wider. The laser scribing 1s performed
in multiple parallel scribed-lines. Preterably but not exclu-
sively, the width of the plurality of even-width stripes of the
optical pattern 23 is twice the diameter of the laser spot 235,
and each of the even-width stripes can be completed 1n two
parallel scribed lines to obtain the uniform optical pattern
23. Certainly, 1n other embodiments, the optical pattern 23
can also be composed of a plurality of uneven-width stripes.
The present disclosure 1s not limited thereto and 1s not
redundantly described herein.

In the embodiment, the retlective surface 22 of the optical
reflective component 20 1s good at reflection compared to
the optical pattern 23. Preferably but not exclusively, the
reflective surface 22 1s one selected from the group consist-
ing of a mirrored surface, a polished surface and a milling-
machined surface. FIG. 8 1s a first exemplary structure
illustrating the optical characteristic of the reflective surface
of the optical reflective component, which retlects the light
of the radius-axial plane according to the first preferred
embodiment of the present disclosure. In the embodiment,
the retlective surface 22a 1s for example a milling-machined
surface, produced by a metal precision machining. In that,
the retlective surface 22a formed by the milling-machining,
has a plurality of processing mark (not shown) which are
concentric with the second central axis C2. When the
incident light A11 of the radius-axial plane i1s reflected
through the reflective surface 22a, the retlected light A12 1s
diffused and reflected (Diffuse reflection). The reflective
characteristics of the reflective surface 22a retlecting the
light of the radius (r)-axial (z) plane 1s suilicient to be
distinguished from the optical pattern 23, so that the optical
reading module 30 can read the optical pattern 23 from the
reflective surface 22a accurately.

FIG. 9 1s a second exemplary structure illustrating the
optical characteristic of the retlective surface of the optical
reflective component, which reflects the light of the radius-
axial plane according to the first preferred embodiment of
the present disclosure. In the embodiment, the reflective
surface 226 1s for example a polished surface, produced by
grinding-polishing, electrolytic polishing or plating polish-
ing. In that, the reflective surface 226 has the characteristic
of the glossy reflection. When the incident light A21 of the
radius (r)-axial (z) plane 1s reflected through the reflective

surface 22b, the retlected light A22 1s reflected 1n the glossy
reflection. The reflective characteristics of the reflective
surface 226 reflecting the light of the radius (r)-axial (z)
plane 1s suflicient to be distinguished from the optical pattern
23, so that the optical reading module 30 can read the optical
pattern 23 from the retlective surface 226 accurately.
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FIG. 10 1s the second exemplary structure illustrating the
optical characteristic of the reflective surface of the optical
reflective component, which retlects the light of the tangen-
tial-axial plane according to the first preferred embodiment
of the present disclosure. In the embodiment, the reflective
surface 225 1s for example a polished surface, produced by
ogrinding-polishing, electrolytic polishing or plating polish-
ing. In that, the reflective surface 225 has the characteristic
of the glossy reflection. When the incident light A23 of the
tangential (t)-axial (z) plane 1s reflected through the reflec-
tive surface 22b, the retlected light A24 1s reflected in the
glossy reflection. The reflective characteristics of the retlec-
tive surface 225 reflecting the light of the tangential (t)-axial
(z) plane 1s suflicient to be distinguished from the optical
pattern 23, so that the optical reading module 30 can read the
optical pattern 23 from the reflective surface 225 accurately.

FIG. 11 1s a third exemplary structure illustrating the
optical characteristic of the reflective surface of the optical
reflective component, which reflects the light of the radius-
axial plane according to the first preferred embodiment of
the present disclosure. In the embodiment, the reflective
surface 22¢ 1s for example a mirrored surface and has the
characteristic of the specular reflection. When the incident
light A31 of the radius (r)-axial (z) plane 1s retlected through
the retlective surface 22¢, the retlected light A32 1s reflected
in the specular retlection. The reflective characteristics of the
reflective surface 22c¢ reflecting the light of the radius
(r)-axial (z) plane 1s suilicient to be distinguished from the
optical pattern 23, so that the optical reading module 30 can
read the optical pattern 23 from the reflective surface 22¢
accurately.

FIG. 12 1s the third exemplary structure illustrating the
optical characteristic of the retlective surface of the optical
reflective component, which retlects the light of the tangen-
tial-axial plane according to the first preferred embodiment
of the present disclosure. In the embodiment, the reflective
surface 22¢ 1s for example a mirrored surface and has the
characteristic of the specular reflection. When the incident
light A33 of the tangential (t)-axial (z) plane 1s retlected
through the reflective surtace 22¢, the retlected light A34 1s
reflected 1n the glossy retlection. The reflective characteris-
tics of the reflective surface 22¢ reflecting the light of the
tangential (t)-axial (z) plane 1s suilicient to be distinguished
from the optical pattern 23, so that the optical reading
module 30 can read the optical pattern 23 from the reflective
surface 22¢ accurately.

Notably, the present disclosure 1s not limited to the optical
reflection characteristics of the reflective surface 22. Com-
pared with the retlective surface 22, the optical pattern 23
formed for example by laser scribing has the optical char-
acteristics of low reflectance, scattered reflection or diffuse
reflection. In that, when the rotating shaft 10 drives the
optical reflective component 20 to rotate, the optical reading
module 30 can read the optical pattern 23 from the reflective
surface 22 accurately.

FIG. 13 1s a cross-sectional view illustrating an optical
encoder according to a second preferred embodiment of the
present disclosure. In the embodiment, the structures, ele-
ments and functions of the optical encoder 1a are similar to
those of the optical encoder 1 1n FIG. 1, and are not
redundantly described herein. Different from the optical
encoder 1 1n FIG. 1, 1n the embodiment, the second attaching
portion 26aq 1includes an annular plane, and connected to the
bottom of the at least one curved surface 25 of the first
attaching portion 24. Preferably but not exclusively, the
datum plane 124 of the rotating shatt 10a 1s an annular plane,
which 1s disposed on the intermediate section of the rotating
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shaft 10a and located relative to the annular plane of the

second attaching portion 26a. In the embodiment, when the
optical reflective component 20q 1s fastened on the rotating
shaft 10a by the fastening element 14 located through the

tastening hole 27, the optical reflective component 20a and

the rotating shaft 10a are assembled together, and the

positioning of the radius (r)-tangential (t) plane and the
positioning of the axial (z) plane are achieved. Thus, when
the rotating shaft 10q drives the optical reflective component
20a to rotate, the optical reading module 30 can read the
optical pattern 23 accurately.

FIG. 14 1s a cross-sectional view illustrating an optical
encoder according to a third preferred embodiment of the
present disclosure. FIG. 15 1s a cross-sectional view 1llus-
trating the optical reflective component according to the
third preferred embodiment of the present disclosure. In the
embodiment, the structures, elements and functions of the
optical encoder 15 are similar to those of the optical encoder
1 in FIG. 1, and are not redundantly described herein.
Different from the optical encoder 1 i FIG. 1, 1mn the
embodiment, the optical reflective component 205 includes
a fastening hole 27a located through the first attaching
portion 24 of the main body 21. The rotating shait 1056
includes a fastening element 14a. The optical reflective
component 205 1s fastened on the rotating shait 106 by the
fastening element 14a located through the fastening hole
27a. In the embodiment, the second attaching portion 26a
includes an annular plane, and connected to the bottom of
the at least one curved surface 25 of the first attaching
portion 24. Preferably but not exclusively, the datum plane
12a of the rotating shait 105 1s an annular plane, which 1s
disposed on the intermediate section of the rotating shait 1056
and located relative to the annular plane of the second
attaching portion 26a. In the embodiment, when the optical
reflective component 2056 1s fastened on the rotating shait
106 by the fastening element 14a located through the
tastening hole 27a, the optical reflective component 206 and
the rotating shaft 106 are assembled together, and the
positioning of the radius (r)-tangential (t) plane and the
positioning of the axial (z) plane are achieved. Thus, when
the rotating shatt 105 drives the optical reflective component
206 to rotate, the optical reading module 30 can read the
optical pattern 23 accurately. Moreover, 1in the embodiment,
the rotating shaft 105 further includes a hollow portion 13
disposed along the first central axis C1 thereof. The optical
reading module 30 1s disposed on a circuit board 31. The
circuit board 31 further includes an opening 32. The rotating
shaft 105 passes through the opening 32. Thus, the hollow
portion 13 of the rotating shaft 105 1s provided for a leading,
wire passing therethrough. Certainly, the present disclosure
1s not limited thereto and not redundantly described herein.

FIG. 16 1s a cross-sectional view 1illustrating an optical
encoder according to a fourth preferred embodiment of the
present disclosure. In the embodiment, the structures, ele-
ments and functions of the optical encoder 1¢ are similar to
those of the optical encoder 1 in FIG. 1, and are not
redundantly described herein. Diflerent from the optical
encoder 1 1n FIG. 1, 1n the embodiment, the 1nner wall of the
first attaching portion 24a 1s a conical surface. The conical
surface 254 1s unequal spacing from the second central axis
C2 to the mmer wall of the first attaching portion 24a.
Moreover, the distance between conical surface 25a of the
inner wall of the first attaching portion 24a and the second
central axis C2 1s gradually increased from the inside to the
outside, so that the central hollow of the inner wall of the
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first attaching portion 24a 1s expanded outwardly. In the
embodiment, with the design of the conical surface 25a of
the 1nner wall of the first attaching portion 24a, the datum
plane 1256 of the rotating shait 10 1s directly attached the
conical surface 254, instead of abutting the second attaching
portion 26a. In this way, the concentric positioning and the
axial positioning of the optical reflective component 20¢ and
the rotating shatt 10¢ of the matched motor or drive module
are achieved at the same time and more precise. In the
embodiment, when the optical retlective component 20c¢ 1s
fastened on the rotating shait 10¢ by the fastening element
14 located through the fastening hole 27, the optical reflec-
tive component 20¢ and the rotating shaft 10¢ are assembled
together, and the positioning of the radius (r)-tangential (t)
plane and the positioning of the axial (z) plane are achieved.
Thus, when the rotating shatt 10¢ drives the optical retlec-
tive component 20c¢ to rotate, the optical reading module 30
can read the optical pattern 23 accurately.

In summary, the present disclosure provides an optical
reflective component and an optical encoder using the same.
The locking and fastening method of the optical reflective
component and the rotating shaft of the optical encoder can
be adjusted according to the practical requirements. The
rotating shatt further includes a hollow portion for a leading,
wire passing therethrough. The positioning of the radius
(r)-tangential (t) plane and the positioning of the axial (z)
plane are achieved by assembling the optical reflective
component with the rotating shait of the optical encoder. It
facilitates the first central axis of the reflective component
and the second central axis of the rotating shatt to be coaxial.
Thus, the optical reading module can read the optical pattern
perpendicular to the first central axis accurately. In addition,
the optical reflective component 1s made of a metal material
and integrally formed in one piece. The optical pattern on the
optical reflective component 1s formed, for example, by
laser-scribing. With the optical reflective component 1inte-
grally formed, for example, an automated optical inspection
(AOI) can be used to obtain the reference circle portion of
the optical reflective component and define the position of
the first central axis. Thus, the optical pattern can be scribed
on the optical retlective component and coaxial with the first
central axis of the optical reflective component accurately.
On the other hand, the optical pattern of the optical reflective
component includes a plurality of even-width stripes, which
are disposed on the reflective surface perpendicular to the
first central axis and concavely formed by, for example, laser
scribing. The plurality of even-width stripes are arranged 1n
a circumierential direction to form a concentric annular
distribution, which 1s circularly symmetrical. The reflective
surface can be a mirrored surface, a polished surface or a
milling-machined surface. The optical pattern scribed by the
laser 1s characterized by optical low reflectivity, scattered
reflection or diffuse reflection. In addition, the even-width
stripe formed by laser-scribing 1s beneficial of maintaining
the consistency of the optical pattern and reducing the

processing time.

While the invention has been described in terms of what
1s presently considered to be the most practical and preferred
embodiments, 1t 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s intended to cover various modifications and similar
arrangements 1ncluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.




US 11,162,820 B2

11

What 1s claimed 1s:

1. An optical reflective component comprising:

a main body comprising a {irst central axis and a reflective
surface, wherein the first central axis and the reflective
surface are perpendicular to each other;

an optical pattern disposed on the reflective surface,
wherein the optical pattern 1s arranged around and
centered at the first central axis;

a first attaching portion centered at the first central axis of
the main body and extending from the main body 1n a
direction parallel to the first central axis, wherein the
first attaching portion comprises an mner wall; and

a second attaching portion comprising a plane, wherein
the plane 1s perpendicular to the first central axis of the
main body and connected to the inner wall of the first
attaching portion, wherein the main body, the first
attaching portion and the second attaching portion are
made of a metal material and integrally formed with the
optical pattern.

2. The optical reflective component according to claim 1,
wherein the first attaching portion 1s configured to connect
with an outer edge of a rotating shaft, wherein the first
central axis of the main body 1s aligned to a second central
axis of the rotating shatt, and the second attaching portion 1s
configured to match and align to a datum plane of the
rotating shaft.

3. The optical reflective component according to claim 2,
turther comprising a fastening hole located through the main
body and aligned with the first central axis of the main body,
wherein the rotating shaft comprises a fastening element and
the optical reflective component 1s fastened on the rotating,
shaft by the fastening element located through the fastening
hole.

4. The optical reflective component according to claim 2,
turther comprising a fastening hole located through the first
attaching portion, wherein the rotating shaft comprises a
fasteming element and the optical reflective component 1s
fastened on the rotating shait by the fastening eclement
located through the fastening hole.

5. The optical reflective component according to claim 1,
wherein the optical pattern comprises a plurality of even-
width stripes and the plurality of even-width stripes are
directed to the first central axis of the main body.

6. The optical reflective component according to claim 5,
wherein the plurality of even-width stripes are concavely
formed on the reflective surface of the main body by laser
scribing.

7. The optical reflective component according to claim 1,
wherein the optical pattern 1s centered at the first central axis
of the main body and circularly symmetrical.

8. The optical reflective component according to claim 1,
wherein the retlective surface is one selected from the group
consisting ol a mirrored surface, a polished surface and a
milling-machined surface.

9. The optical reflective component according to claim 1,
wherein the inner wall comprises a curved surface, a ring
surface or a conical surface.

10. An optical encoder comprising:

a rotating shaft comprising a second central axis, an outer
edge and a datum plane, wherein the datum plane 1s
perpendicular to the second central axis;

an optical reflective component connected to the rotating,
shaft and comprising:

a main body comprising a first central axis and a
reflective surface, wherein the first central axis and
the reflective surface are perpendicular to each other;
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an optical pattern disposed on the reflective surface,
wherein the optical pattern 1s arranged around and
centered at the first central axis of the main body;
a first attaching portion centered at the first central axis
of the main body and extending from the main body
in a direction parallel to the first central axis of the
main body, wherein the first attaching portion com-
prises an inner wall configured to connect with the
outer edge of the rotating shait, so that the first
central axis of the main body 1s aligned to the second
central axis of the rotating shaft; and
a second attaching portion comprising a plane, wherein
the plane 1s perpendicular to the first central axis of
the main body and connected to the inner wall of the
first attaching portion, wherein the second attaching
portion 1s configured to match and align to the datum
plane of the rotating shaft, wherein the main body,
the first attaching portion and the second attaching
portion are made of a metal material and integrally
formed with the optical pattern; and
an optical reading module spatially disposed and facing,
to the optical pattern on the reflective surface,
wherein when the rotating shaft drives the optical
reflective component to rotate, the optical pattern 1s
read by the optical reading module.

11. The optical encoder according to claim 10, wherein
the optical pattern comprises a plurality of even-width
stripes and the plurality of even-width stripes are directed to
the first central axis of the main body.

12. The optical encoder according to claim 11, wherein
the plurality of even-width stripes are concavely formed on
the retlective surface of the main body by laser scribing.

13. The optical encoder according to claim 10, wherein
the optical pattern 1s centered at the first central axis of the
main body and circularly symmetrical.

14. The optical encoder according to claim 10, wherein
the optical reflective component further comprises a fasten-
ing hole located through the main body and aligned with the
first central axis of the main body, wherein the rotating shaft
comprises a lastening clement and the optical reflective
component 1s fastened on the rotating shaift by the fastening
clement located through the fastening hole.

15. The optical encoder according to claim 10, wherein
the optical retlective component further comprises a fasten-
ing hole located through the first attaching portion, wherein
the rotating shait comprises a fastening element and the
optical retlective component 1s fastened on the rotating shatt
by the fastening element located through the fastening hole.

16. The optical encoder according to claim 10, wherein
the reflective surface 1s one selected from the group con-
sisting ol a mirrored surface, a polished surface and a
milling-machined surface.

17. The optical encoder according to claim 10, wherein
the rotating shait comprises a hollow portion disposed along
the second central axis of the rotating shatft.

18. The optical encoder according to claim 10, wherein
the optical reading module 1s mounted on a circuit board,
and the circuit board comprises an opening, wherein the
rotating shait passes through the opening.

19. The optical encoder according to claim 10, wherein
the inner wall comprises a curved surface, a ring surface or
a conical surface.

20. The optical encoder according to claim 10, wherein
the second attaching portion 1s configured to match and align
to a datum plane of the rotating shatt.
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